Background
==========

Local recurrence and distant metastasis are the major limitations for the failure of current cancer therapies. It was reported that cancer stem cells (CSCs) played a critical role in the treatment failure and were responsible for tumor relapse and metastasis [@B1], [@B2]. CSCs are characterized by cellular heterogeneity, self-renewal, and multi-differential capabilities and resistant to conventional chemo and radio-therapy. In addition, CSCs are failed to express differentiated tumor antigens and hence insensitive to routine antitumor immunotherapies, which are mostly designed to target antigens on differentiated tumor cells [@B3]-[@B5]. Thus, it is of great importance to explore factors that affect the functions of CSCs and design strategies specifically targeting CSCs.

An extensive crosstalk occurs between CSCs and tumor microenvironment [@B6]-[@B8]. The tumor microenvironment is essential for the maintenance of stem cell-like capabilities of tumor cells [@B8]. Soluble factors, such as cytokines, secreted by cells originated in the tumor microenvironment, stimulate self-renewal of CSCs and preserve the undifferentiated state of the cells [@B7], [@B9]-[@B11]. Thus, it may generate new information for targeting CSC therapy to investigate cytokines that regulate CSCs in cancer microenvironment.

We previously reported that dendritic cells (DCs) pulsed with cancer stem cell lysates (CSC-DC) mediate specific humoral immunity against CSCs in murine squamous cell carcinoma and melanoma models [@B4], [@B12]. We found that the level of IL-1β was significantly decreased in CSC-DC-treated mice, indicating that there might be a cross-talk between IL-1β and CSCs. IL-1β, belongs to IL-1 family, is mainly secreted by activated macrophages and monocytes. IL-1β participated in inflammatory processes, tumor invasiveness and metastasis [@B13]-[@B17]. Studies have shown that IL-1β plays important roles in regulating the functions of stem cells. IL-1β stimulated the self-renewal of intestinal stem cells and induced the transition of these cells to CSCs [@B18]. Wang et al found that combination of IL-1β and TGF-β induced the glioma neurosphere formation and promoted the malignant biological behaviors of glioma cells [@B19]. However, the roles of IL-1β in the stemness maintenance of HNSCC and melanoma are largely unknown. In this study, we determined the impact of IL-1β on the stemness of squamous cell carcinoma and melanoma cells and explored the underlying mechanisms by which IL-1β maintains the stemness of CSCs.

Methods
=======

Ethical statement and characteristics of patients
-------------------------------------------------

This study involved in human peripheral blood. Ethics Committee of Guangzhou First People\'s Hospital approved this study. All the patients included in this study were informed and consents were signed. There were 16 cases of healthy donors, 66 cases of HNSCC patients and 54 cases of melanoma patients enrolled in this study between January 2018 and August 2019.

Mice and Ethical statement
--------------------------

Female C3H/HeNCr MTV (C3H) mice and C57BL/6 (B6) mice at the age of 6-8 weeks were purchased from Vital River Laboratory Animal Technology Co, Ltd (Beijing, China). Mice were housed in specific pathogen-free condition at the animal facility of South China University of Technology. All animal experiments conformed to our animal protocols approved by the Animal Care and Use Committee of South China University of Technology.

ELISA
-----

Peripheral blood was collected from cancer patients and healthy donors. After centrifugation, the serum samples were obtained and the concentration of IL-1β were assessed by ELISA assay according to the manufacturer\'s instructions (R&D Systems, USA). The ELISA assay was performed in triplicate.

Cell Culture
------------

Mouse squamous carcinoma cell line SCC7 and melanoma cell line B16-F10 were purchased from Cellcook Biotech Co.,Ltd (Guangzhou, China). Cells were cultured in RMPI 1640 supplemented with 10% heat-inactivated fetal bovine serum, 100 μg/mL streptomycin, 100 U/mL penicillin. For the sphere formation assays, tumor cells were cultured in serum free medium consisting of DMEM supplemented with 20 ng/ml EGF (Peprotech, USA), 20 ng/ml FGF (Perotech, USA), 2 mL of 2% B27 supplement (Gibco, USA), 4 μg/ml insulin, 100 μg/mL streptomycin and 100 U/mL penicillin. For some experiments, tumor cells were treated with 10 ng/ml IL-1β or 100 ng/ml IL-1 receptor antagonist (IL-1 Ra). For the ID1 siRNA transfection assay, tumor cells were seeded and allowed to grow in culture medium for 24h. Then tumor cells were treated with ID1 siRNA (siID1) or siRNA negative control (siNC, GenePharma, Shanghai) using Lipofectamine RNAiMAX (Thermo Fisher).

MTT assay
---------

Cell proliferation capabilities were measured using MTT assay. Briefly, tumor cells were seeded in a 96-well plate at a density of 5 x 10^4^ cells/well. After being incubated with or without IL-1β for 72 hours, the tumor cells were treated with 50 μL of MTT solution (1 mg/ml). The resulting crystals were dissolved in DMSO and measured at a wavelength of 570 nm with a multi-mode microplate reader (PerkinElmer, USA). The experiment was repeated in triplicate.

Colony formation assay
----------------------

Cells were placed in 6-well plates at a concentration of 500 cells per well. Cell culture medium supplemented with or without IL-1β was changed every 3 days. After incubation for 14 days, the cells were fixed using 75% ethanol, followed by staining with 0.5% crystal violet. After air dried at room temperature, the cells were visualized under a microscope. Colonies comprising 50 or more cells were counted. Each experiment was repeated at least 3 times.

Tumorigenicity
--------------

The squamous cell carcinoma SCC7 is syngeneic to C3H mice. The melanoma cell line B16-F10 is syngeneic to B6 mice. The mice were randomly divided into each group with at least 5 mice/group. Tumor cells stimulated with or without IL-1β were inoculated into the right flank of the syngeneic mice at the number of 5 x 10^4^. The tumor size was measured every 3 days and the tumor volume was calculated using formula: (LxW^2^)/2. The experiment was repeated in triplicate.

Wound healing assay
-------------------

Cells stimulated with or without IL-1β were placed into 6-well plate and cultured for the formation of monolayer. Scratched wounds were then prepared by scraping the cell layer on each culture plate using a tip of 10 μL pipette, and the debris was removed by washing the cells with PBS. Wounded cultures were incubated for 24 hours in serum-free medium. Then 3 fields of view were randomly picked from each of the scratched wound and observed by microscopy to evaluate cell migration ability.

Cell invasion
-------------

To perform the matrigel invasion assay, 24-well plates were filled with 500 μL of complete medium with 20% FBS. Tumor cells stimulated with or without IL-1β (5 x 10^4^) in 100 μL medium were placed into polycarbonate membrane insert (8-μm, Corning, USA)) coated with a thin layer of 0.5 mg/mL Matrigel Basement Membrane Matrix (BD Biosciences, Bedford, MA). After being incubated for 48 hours, the insert membranes were fixed with 75% methanol. After removing the cells on the upper surface, the cells invaded into the lower surface were stained with 0.5% crystal violet supplemented with 20% methanol. The results were calculated by counting the stained cells under an inverted microscope (10 fields per membrane). Each experiment was repeated at least 3 times.

Chemoresistance
---------------

Indicated SCC7 cells and B16-F10 cells (5,000 cells) were seeded in a 96-well plate. SCC7 cells were treated with 10 μg/ml Paclitaxel (PTX), while B16-F10 cells cells were treated with 0.5 μg/ml Doxorubicin (DOX). The cell viabilities were assessed using MTT assay 24h after the treatment with PTX or DOX. The OD value was measured at a wavelength of 570 nm with a multi-mode microplate reader (PerkinElmer, USA).

ALDEFLUOR Assay
---------------

The fluorogenic dye-based ALDEFLUOR assay kit (StemCell Technologies) was used to detect the activity of ALDH as previously described[@B4], [@B12]. Briefly, after being stimulated with or without IL-1β, tumor cells were resuspended at a concentration of 1 x 10^6^ cells/ml and incubated with ALDEFLUOR substrate. Cells were then analyzed using FACSAria III flow cytometer (BD, USA). Tumor cells treated with ALDH inhibitor diethylaminobenzaldehyde (DEAB) were used as negative control. The experiment was repeated in triplicate.

Real time quantitative PCR
--------------------------

Total RNA was extracted with TRIzol solution (Invitrogen, USA) as previously described [@B20], [@B21]. To synthesize cDNA, the total RNA was treated with 0.5 μg of Oligo(dt), 200 U M-MLV reverse transcriptase, 25 U RNase inhibitor and 2.5 mM dNTP using a 25 μl reaction volume. The resulting cDNA was used to measure the relative expression of stem cell genes and internal control GAPDH using SYBR Green master mix (Invitrogen) on a 7500 FAST Real-time PCR system (Applied Biosystems). The primers used are as follows, 5\'-3\'(F: GCACGCCAGACTTACCTGTC) and 5\'-3\'(R: CCTCCTCAGTTGCAGGATTAAAG) for ALDH; 5\'-3\'(F: CAAAGGATGAAGTGCAAGCG) and 5\'-3\'(R: CCAGATGCGTTCACCAGATAG ) for Nanog; 5\'-3\'(F: CAGAGAAAACCTGAGGGCGG) and 5\'-3\'(R: GACTTTTGCGAACTCCCTGC) for SOX2; 5\'-3\'(F: TAGGTGAGCCGTCTTTCCAC) and 5\'-3\'(R: GCTTAGCCAGGTTCGAGGAC) for OCT4. Each experiment was repeated at least 3 times using cDNA samples from separate reverse transcription reactions.

Western blotting
----------------

The western blotting was performed using routine protocol as previously described [@B21]. Antibodies against Nanog, SOX2, OCT4, Smad 1, p-Smad 1/5/8 and GAPDH were purchased from Cell Signaling Technologies and used at 1:1000 dilution. ID1 antibody was purchased from Proteintech and used at 1:1000 dilution.

Sphere formation
----------------

Tumor cells were plated in 6-well ultra-low attachment plates in serum free culture medium with or without IL-1β stimulation. The sphere formation was monitored from day 7. Then the sphere was counted on day 14 under a Leicia inverted microscope.

Statistical analysis
--------------------

Quantitative values were expressed as mean ± SD. Unpaired Student\'s t-test (2 cohorts) or one-way analysis (\> 2 cohorts) were used to value the differences between experiment groups. A two-tailed P value \< 0.05 was considered statistically significant. All the statistical analyses were performed using Graphpad Prism 7 (GraphPad Software, Inc., USA).

Results
=======

Serum IL-1β concentration is correlated with advanced stages of HNSCC patients and melanoma patients
----------------------------------------------------------------------------------------------------

The concentrations of IL-1β in the peripheral blood of HNSCC patients and health donors (HD) were detected using ELISA assay. As shown in Figure [1](#F1){ref-type="fig"}A, the concentrations of IL-1β were much higher in the HNSCC patients than healthy donors (P = 0.002, Figure [1](#F1){ref-type="fig"}A). The patients were divided into two groups based on the median value of IL-1β concentration: Low IL-1β and high IL-1β. Enhanced IL-1β was positively correlated with advanced tumor stage (P = 0.048, Figure [1](#F1){ref-type="fig"}B). Similarly, the concentration of IL-1β was much higher in melanoma patients than healthy donors (P \< 0.001, Figure [1](#F1){ref-type="fig"}C). And there was positive correlation between IL-1β concentration and tumor stages (P = 0.012, Figure [1](#F1){ref-type="fig"}D). Most of the patients with low IL-1β concentrations were staged as TNM I+II, while most of the patients with high IL-1β concentrations were staged as TNM III+IV.

IL-1β stimulation promotes tumor cell growth in vitro and in vivo
-----------------------------------------------------------------

To evaluate the effect of IL-1β on the cell viability, we carried out both cell proliferation assay and colony formation assay. In the cell proliferation assay, the growth rate of control SCC7 cells was significantly lower than that of the IL-1β-stimulated SCC7 cells starting from 48 hours after incubation (P \< 0.05, Figure [2](#F2){ref-type="fig"}A). Similar experiment in the melanoma cells also showed that cells under IL-1β stimulation possessed more stronger proliferation ability (P \< 0.05, Figure [2](#F2){ref-type="fig"}B). As demonstrated in Figure [2](#F2){ref-type="fig"}C, IL-1β-stimulated SCC7 cells showed a significant enhancement in colony formation as compared with control SCC7 cells (P = 0.01, Figure [2](#F2){ref-type="fig"}C). Similar results were also obtained from the B16-F10 melanoma cells (P \< 0.01, Figure [2](#F2){ref-type="fig"}D).

We next investigated the effect of IL-1β on tumor growth in vivo. Squamous cell carcinoma SCC7 stimulated with or without IL-1β were inoculated subcutaneously. As shown in Figure [2](#F2){ref-type="fig"}E, volumes of tumors generated from IL-1β-stimulated cells were much larger than those generated from untreated tumor cells (Figure [2](#F2){ref-type="fig"}E, P = 0.020). Similar results were generated from the melanoma model. With the stimulation of IL-1β, B16-F10 tumor cells formed larger size of tumors than untreated tumor cells (Figure [2](#F2){ref-type="fig"}F, P = 0.046). These data suggest that IL-1β stimulation could promote tumor cell growth both in vitro and in vivo.

IL-1β stimulation promotes tumor cell migration and invasion
------------------------------------------------------------

We firstly carried out wound healing assay to evaluate the effect of IL-1β on cell migration. As shown in Figure [3](#F3){ref-type="fig"}A and B, the cell migration started from 6 h and the devoid edges coalesced 24 h after scraping under the stimulation of IL-1β. The IL-1β-stimulated SCC7 (Figure [3](#F3){ref-type="fig"}A) and B16-F10 (Figure [3](#F3){ref-type="fig"}B) cells demonstrated stronger migration capability than the control tumor cells did.

Transwell assay was employed to investigate the effect of IL-1β on tumor cells invasion. As shown in Figure [3](#F3){ref-type="fig"}C and D, IL-1β-stimulated SCC7 cells and B16-F10 cells invade into the lower compartments much more frequently than the control SCC7 cells and B16-F10 cells.

IL-1β stimulation enhances the stemness of HNSCC cells and melanoma cells
-------------------------------------------------------------------------

ALDEFLUOR/ALDH has been widely used as a single marker to identify and isolate CSCs from various tumors, including squamous cell carcinoma and melanoma [@B3], [@B5]. To determine whether IL-1β could enhance the enrichment of CSCs, flow cytometry was performed to assess the percentage of ALDH^high^ cells. As shown in Figure [4](#F4){ref-type="fig"}A, 2.31% of the control SCC7 cells were the ALDH^high^ subpopulation. Approximately 7.98% of the IL-1β-stimulated SCC7 tumor cells were ALDH^high^. In the B16-F10 melanoma model, the IL-1β stimulation significantly increased the percentage of ALDH^high^ cells (11% vs. 4.37%, Figure [4](#F4){ref-type="fig"}B).

Western blotting assay was carried out to assess the levels of stem cell genes Nanog, SOX2, and OCT4. In the squamous cell carcinoma, the expression of Nanog (P = 0.005), SOX2 (P = 0.002), and OCT4 (P = 0.008) was significantly increased after IL-1β stimulation (Figure [4](#F4){ref-type="fig"}C, D). In the melanoma model, the IL-1β-stimulated B16-F10 cells expressed higher levels of Nanog (P = 0.002), SOX2 (P = 0.010), and OCT4 (P \< 0.001) as compared with non-stimulated cells (Figure [4](#F4){ref-type="fig"}C, D).

Sphere formation represents the self-renewal capability of CSCs. SCC7 and B16-F10 cells were cultured using serum-free medium supplemented with or without IL-1β. Compared to control tumor cells, the IL-1β-stimulated tumor cells possessed enhanced sphere formation ability (Figure [4](#F4){ref-type="fig"}E and F). IL-1β-stimulated tumor cells formed much more spheres than those in control cells in both squamous cell carcinoma (P \< 0.01, Figure [4](#F4){ref-type="fig"}E) and melanoma cells (P \< 0.01, Figure [4](#F4){ref-type="fig"}F).

Cancer cell stemness is often associated with drug resistance, thus we further studied whether IL-1β stimulation could increase the chemoresistance of SCC7 cells and B16-F10 cells. As shown in Figure [4](#F4){ref-type="fig"}G and [4](#F4){ref-type="fig"}H, after IL-1β stimulation, SCC7 cells and B16-F10 cells were more resistant to paclitaxel (PTX) and doxorubicin (DOX), respectively (P \< 0.001). Together, our results demonstrate that IL-1β treatment promotes the stem cell-like capabilities of both HNSCC and melanoma cells.

IL-1β stimulation activates Smad 1/5/8 and ID1 to maintain the stenmess of tumor cells
--------------------------------------------------------------------------------------

We further investigated the mechanisms underlying IL-1β treatment on enhancing stemness of squamous cell carcinoma and melanoma. IL-1β stimulation escalated the phosphorylation of Smad 1/5/8 and up-regulated its downstream target ID1 (P \< 0.05, Figure [5](#F5){ref-type="fig"}A). A similar result was obtained in IL-1β-treated B16 melanoma cells (P \< 0.05, Figure [5](#F5){ref-type="fig"}B). Together, our data support the notion that IL-1β stimulation promoted the activation of Smad/ID1 signaling pathway.

We next investigated whether ID1 contributed to IL-1β treatment-enhancing stemness. Silencing of ID1 significantly abrogated the tumor sphere formation induced by IL-1β stimulation (P \< 0.05, vs. all other groups, Figure [6](#F6){ref-type="fig"}A). Experiments were also conducted in melanoma cells. As shown in Figure [6](#F6){ref-type="fig"}B, the sphere formation capability of tumor cells subjected to IL-1β stimulation and ID1 silence was significantly reduced (P \< 0.05, vs. all other groups). Furthermore, ID1 knockdown reversed up-regulation of stem cell related markers induced by IL-1β stimulation in SCC7 cells (P \< 0.05, Figure [6](#F6){ref-type="fig"}C) and B16-F10 tumor cells (P \< 0.05, Figure [6](#F6){ref-type="fig"}D).

Discussion
==========

CSCs are generally accepted as the source of tumor relapse and distant metastasis. Cells in this population gain self-renewal and more aggressive malignant behaviors, as well as more resistance to current anti-tumor therapies [@B5], [@B22], [@B23]. Currently, strategies specifically targeting CSCs remain unsatisfactory. Our previous studies demonstrated that CSC-DC (dendritic cells pulsed with cancer stem cell lysates) vaccine mediates anti-CSC immunity by directly targeting CSCs and inhibits tumor growth and distant metastasis [@B4], [@B12]. These findings were verified in both melanoma and squamous cell carcinoma models.

It is generally accepted that tumor regression and progression are determined by both intrinsic and extrinsic components of cells. The latter are mainly determined by tumor microenvironment [@B24]. Cytokines play an important and complex biological role in regulating the number and functions of CSCs in tumor microenvironment [@B7], [@B25]. Thus, manipulating the levels of cytokines that regulate CSCs might enable the treatment efficacy of current immune strategies.

IL-1β, as one of the most potent pro-inflammatory cytokines, is generated by tumor cells and immune cells, such as macrophages, in tumor microenvironment [@B26]. IL-1β is increased in a variety of tumors and its expression is associated with the tumor development and progression [@B13], [@B15]-[@B17]. IL-1β could enhance the tumor invasion and distant metastasis [@B13], [@B27], [@B28]. Accordingly, our data revealed that enhanced concentrations of IL-1β in HNSCC and melanoma patients were positively correlated with advanced tumor stage. However, there are few reports investigating the effect of IL-1β on stem cells and CSC functions. Application of soluble IL-1 receptors and IL-1 receptor antagonist or IL-1β neutralizing antibodies inhibit acute myelogenous leukemia (AML) blast colony formation, which is reversed by IL-1β [@B29]. In the presence of IL-1β, normal intestinal epithelial cells could form spheres and large colonies, as well as expressing more stem cell genes Bmi-1, Lgr-5, Nanog and β-catenin [@B18]. Li et al found that IL-1β could promote tumor growth and invasion through the activation of CSCs and epithelial-mesenchymal transition (EMT) [@B30].

In the current study, we demonstrated that IL-1β could promote the colony formation, cell proliferation and tumorigeneicity, which indicating that IL-1β stimulating induced tumor growth both in vitro and in vivo. In addition, IL-1β-stimulated tumor cells displayed enhanced migratory and invasive capabilities. IL-1β stimulation could enrich the percentage of ALDH^high^ population in both SCC7 cells and B16-F10 cells. The increased expression of ALDH after IL-1β stimulation might confer more tumor cells with stem cell capability. In addition, we found that IL-1β stimulation promoted the sphere formation ability, up-regulated expression of stem cell genes (SOX2, OCT4 and Nanog) and increased chemoresistance, suggesting that IL-1β could promote the stemness of CSCs. Consistently, Li et al previously reported that IL-1β can enhance the sphere formation concomitant with up-regulation of stemness markers Bmi1 and nestin in colon cancers [@B30]. Taken together, these data demonstrate that IL-1β stimulation promotes the stemness capabilities of squamous carcinoma cells and melanoma cells.

Inhibitors of differentiation 1(ID1) is reported to be upregulated in malignant tumor cells [@B31], [@B32]. Increased ID1 expression was correlated with advanced stage and poor overall survival in esophageal squamous cell carcinoma [@B31]. ID1 maintained the neural and embryonic stem cells properties [@B33], [@B34]. Silencing of ID1 impaired CSC-like capability and inhibited EMT traits in colorectal cancer [@B32]. ID1 is a downstream transcription factor for Smad1/5/8/, and activation of Smad1/5/8 signaling pathway transcriptionally upregulated ID1 expression to promote migration and invasion of esophageal squamous cancer cells [@B35]. The phosphorylation of Smad1/5/8/ and activation of ID1 contributed to angiogenesis and tumor growth in lung cancer[@B36]. Consistently, our study demonstrated that phosphorylation of Smad1/5/8 and activation of ID1 was upregulated with IL-1β stimulation. Moreover, knockdown of ID1 could abrogate IL-1β stimulation-prompted stem cell-like properties of HNSCC and melanoma cells. Here, we revealed the underlying mechanism of IL-1β-promoted tumor cell stemness by studying BMP1/5/8 and ID1 signaling pathway, but not TGF-β/Smad2/3 signaling pathway. The effects of IL-1β on TGF-β/Smad signal pathway are controversial. There was interaction between IL-1β and TGF-β in human mesenchymal stem cell. IL-1β repressed TGF-β signal [@B37]. Ohta et al revealed that IL-1β suppressed the activation of TGF-β/Smad2/3 to downregulated the expression of nerve growth factor [@B38]. However, Liu et al found that IL-1β could enhance TGF-β1-induced epithelial mesenchymal transition in lung adenocarcinoma cell [@B39]. Luo et al found that IL-1β modulated the TGF-β signal dynamically in the proximal tubular cell transforming [@B40]. In this study, our data indicate the IL-1β stimulation could enhance the stemness of HNSCC and melanoma cells through activating Smad1/5/8 and ID1 signaling pathway. Our next work would further determine whether TGF-β/Smad2/3 signaling pathway play more important role than BMP1/5/8/ ID1 signaling pathway.

Remodeling tumor environment could help eliminate CSCs, which might be an effectively immunotherapy and promote the anti-tumor immunity of CSC-DC [@B22], [@B41]-[@B43]. Ginestier et al demonstrated that blockade of IL-8 receptor CXCR1 could help target breast CSCs[@B41]. Kim et al found that anti-IL-6 inhibits CSCs in breast tumor cells[@B42]. Korkaya et al suggested that blocking cytokines and their corresponding receptors inhibits the self-renewal of CSCs and respective trials have been initiated to block CSCs [@B43]. Our study demonstrated that IL-1β could enhance the stemness of tumor cells, indicating that blockade of IL-1β might be an effective strategy to enhance the anti-tumor immunity of CSC-DC. Thus, in our future study, we will determine the therapeutical efficacy of IL-1β neutralization in HNSCC and melanoma.

Conclusion
==========

In conclusion, our study demonstrated that IL-1β could enhance the stemness of squamous cell carcinoma and melanoma via activating Smad/ID1 pathway. These findings provide evidence that regulating the expression of IL-1β in tumor microenvironment might be an effective way to specifically targeting CSCs and could be used as an adjuvant for tumor immunotherapies.
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![**Increased expression levels of IL-1β were correlated with advanced tumor stage in HNSCC and melanoma patients.** IL-1β concentrations were detected using ELISA assay. (A) The concentrations of IL-1β in HNSCC patients and healthy donors (HD) were compared. (B) The correlation between IL-1β and tumor stage of HNSCC patients was assessed. (C) The concentrations of IL-1β in melanoma patients and healthy donors were compared. (B) The correlation between IL-1β and tumor stage of melanoma patients was assessed.](ijmsv17p1257g001){#F1}

![**IL-1β stimulation promotes tumor growth in vitro and in vivo.** SCC7 cells and B16-F10 cells were treated with 100 ng/ml IL-1β. Cell proliferation was evaluated using MTT assay. IL-1β stimulation enhanced viabilities of SCC7 cells (A) and B16-F10 cells (B). IL-1β significantly enhanced the colony formation capability of SCC7 cell C) and B16-F10 cells (D). Representative images of colony formation after IL-1β stimulation were demonstrated on the left. IL-1β stimulation could increase the tumorigenicity of SCC7 cells (E) and B16-F10 cells (F) in vivo. (\*, P \< 0.05; \*\*, P \< 0.01; \*\*\*, P \< 0.001)](ijmsv17p1257g002){#F2}

![**IL-1β stimulation enhances the migration and invasion of HNSCC and melanoma cells.** The wound healing assay demonstrated that IL-1β stimulation enhanced the migration capabilities of SCC7 cells (A) and B16-F10 cells (B). Transwell assay demonstrated that the invasion capabilities of SCC7 cells (C) and B16-F10 cells (D) were enhanced after IL-1β stimulation. ( \*\*\*, P \< 0.001)](ijmsv17p1257g003){#F3}

![**IL-1β stimulation promotes the stemness phenotype of squamous cell carcinoma cells and melanoma cells.** IL-1β stimulation increased the percentage of ALDH^high^ CSCs. The results analyzed by flow cytometry in squamous cell carcinoma cells (A) and melanoma cells (B). IL-1β stimulation upregulated the expression of stem cell genes Nanog, SOX2 and OCT4 in squamous cell carcinoma and melanoma models (C, D). (D) The relative protein expression ratio of variable stemness genes were normalized to internal control. IL-1β enhance the sphere formation capabilities of SCC7 cells (E) and B16-F10 cells (F). Representative images of sphere formation were shown on the left. Chemoresistance was analyzed using MTT assay after IL-1β stimulation. (G) IL-1β-stimulated SCC7 cells were more resistant to paclitaxel (PTX) than control cells. (H) IL-1β-stimulated B16-F10 cells were more resistant to doxorubicin (DOX).](ijmsv17p1257g004){#F4}

![**IL-1β stimulation activates Smad1/5/8 and ID1 signaling pathway.** SCC7 cells and B16-F10 cells were treated with IL-1β (10 ng/ml) or IL-1 Ra (100 ng/ml). The protein levels of Smad1, phosphorylated-Smad1/5/8 and ID1 were analyzing using western blot in SCC7 cells (A) and B16-F10 cells (B). IL-1β stimulation significantly upregulated the expression of p- Smad1/5/8 and ID1 in SCC7 cells and B16-F10 cells.](ijmsv17p1257g005){#F5}

![**Silencing ID1 reverses IL-1β stimulation-induced tumor cell stemness.** ID1 was knocked down with siID1, while siNC was used as a negative control. (A and B) Silencing ID1 inhibits sphere formation capability induced by IL-1β stimulation in SCC7 cells (A) and B16-F10 cells (B). Representative images of sphere formation were displayed on the left. The sphere numbers were calculated and shown on the right**.** Silencing ID1 reverses IL-1β stimulation-induced upregulation of stemness genes, including ALDH, SOX2, OCT4 and Nanog in SCC7 cells (C) and B16-F10 cells (D).](ijmsv17p1257g006){#F6}
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